Seasonal patterns of larval settlement were studied in the temperate wrasse Halichoeres tenuispinis at Tsuyazaki, Fukuoka Prefecture, Japan, during the period from July through November , 1987. The "settlers" (juveniles smaller than 15mm TL) started to appear on the rocky reef in late July and increased in number suddenly in early August, attaining more than 600 individuals within the transect (100m2). The number decreased in late August and the "juveniles" (15-40mm TL) increased their number in turn. Otolith (sagitta) marking with a fluorescent substance in "juveniles" revealed th at the increments are formed daily. Hatched larvae had a clear hatching check in the otoliths. By counting increments exterior to the hatch check in 101 specimens collected during the period from July 27 to September 7, 1987, an equation In Y=0.023X+1.782, where Y=total length and X=number of increments, was obtained. It was estimated that the shortest duration of planktonic life in the present species is 26 days after spawning. Back calculated dates of birth of these specimens fell within a relatively short period from June 7 to July 25.
Seasonal Patterns of Larval Settlement and Daily Otolith Increments in the Temperate
Wrasse Halichoeres tenuispinis Toshiya Kishiro*1,2 and Akinobu Nakazono*1 (Received July 4, 1990) Seasonal patterns of larval settlement were studied in the temperate wrasse Halichoeres tenuispinis at Tsuyazaki, Fukuoka Prefecture, Japan, during the period from July through November , 1987. The "settlers" (juveniles smaller than 15mm TL) started to appear on the rocky reef in late July and increased in number suddenly in early August, attaining more than 600 individuals within the transect (100m2). The number decreased in late August and the "juveniles" increased their number in turn. Otolith (sagitta) marking with a fluorescent substance in "juveniles" revealed th at the increments are formed daily. Hatched larvae had a clear hatching check in the otoliths. By counting increments exterior to the hatch check in 101 specimens collected during the period from July 27 to September 7, 1987 , an equation In Y=0.023X+1.782, where Y=total length and X=number of increments, was obtained. It was estimated that the shortest duration of planktonic life in the present species is 26 days after spawning. Back calculated dates of birth of these specimens fell within a relatively short period from June 7 to July 25.
It is reasonable to consider that the number of species and population sizes of reef fishes largely depend on what kinds of fishes settle on that reef and how they survive.
For this reason, understanding of mechanisms which decide settlement of larval reef fishes and ecological features which decide their survival is a primary concern for fisheries biology of the reef fishes. However, the fact that many of the reef fishes go through planktonic stages complicates the situation. [1] [2] [3] [4] [5] One of the possible approaches may be to monitor the settlement of larval fishes at a relevant reef, as pioneered by Sale and his coworkers. 3, 4, [6] [7] [8] The results will show the time of the year of settlement and the quantity of larval fishes settling on the reef.9)
A recent finding that otolith increments of fishes are formed daily10) has provided an important technique for analyzing the mechanisms of larval fish recruitment.
The duration of planktonic life of reef fishes can be established in days, and many papers estimating the duration of planktonic stages of reef fishes have been published. [11] [12] [13] [14] [15] [16] [17] For example , Victor15) counted daily increments between the center of the otolith and settlement mark14) in 100 species of labrids and has shown that the duration of planktonic life differs among species from 15 to 121 days. Most of these papers are, however, treating fishes of coral reefs in tropical or subtropical regions where a large number of species of reef fishes occur on diversified habitats. Studies on the settlment of temperate reef fishes are scarce and information is limited.
The present study aimed to clarify seasonal patterns of larval settlement in Halichoeres tenuispinis, through underwater observations at northern coast of Kyushu.
Secondly, it aimed to verify whether the otolith increments found in hatched larvae and settled juveniles are daily rings or not. It also studied whether otoliths of the present species have settlement marks as is reported in many tropical labrid species.14,15) Data from the analysis of otoliths were then used to correlate age and body size of the newly settled juveniles, and to determine their growth rate. Finally, the relationship among the seasonal pattern of settlement, the estimated age of the juveniles and spawning season is discussed.
Materials and Methods
The temperate wrasse Halichoeres tenuispinis is a small reef fish attaining 15cm in total length To elucidate the seasonal pattern of settlement in H. tenuispinis, censuses on number of settling fish were carried out near a small island called Tsuzumi-shima (about 100m in the longest diameter) near Tsuyazaki, in 1987. The census was done along a 50m transect rope set at the northern part of the reef surrounding Tsuzumishima. The transect rope was set from the shallows, 2m deep, near the island, offshore to a depth of 7m at the end of the rope. As fish were counted they were put visually into two size classes. Those smaller than 15mm TL were termed "settlers" in the present study. Those between 15-40mm TL were called "juveniles".20) Not only their body sizes but also the translucent body of the "settlers" was employed to discriminate the two. The number of "settlers" and "juveniles" occurring within 1m on both sides of the rope was counted as frequently as possible, during the period form July through November, 1987. Those fish smaller than 40mm TL retained juvenile body color, especially a black spot on the dorsal fin and on the caudal peduncle. Those fish larger than 40mm TL, which had a body color similar to the adult and swam around wider ranges, were omitted from the census.
To prove that otolith increments are daily rings, one lot of 10 "juveniles" was kept in Alizarin complexone (1, 2-Dihydroxyanthraquinone-3-ylmethylamine-N, N-diacetic Acid, C19H15NO8, Wako Jun-yaku Kogyo Co. Ltd.) solution of 200ppm concentration for 24 hours, moved to clear seawater for 3 days and again immersed in the solution for 24 hours.21) Another lot of "juveniles" of the same number was dipped into the solution three times for 24 hours with an interval of 1 day in clear water.
These fish were kept frozen and principally left sagittae were taken out later. The sagittae were ground along the long axis on the vertical plane until the core appeared. The number of increments between marked increments was counted under a fluorescent microscope.
A total of 101 "settlers" and "juveniles", ranging from 11.0-31.1mm TL was collected, during the period from July 27 to September 7, 1987 , by hand net around Tsuzumi-shima, away from the transect rope. They were fixed in 95% ethanol and principally the left sagittae were taken out later. These sagittae were ground as the same manner as the above and were slightly etched with HCl adjusted to pH 3. Each increment is composed of a wider light line and a following narrower dark line.22) In the present study, the number of the light lines occurring exterior to the first dark line was counted under a microscope.
To confirm that this first dark line is a hatch check,23) artificial insemeination of the eggs was carried out in 1990.
The hatched larvae were kept in a 30l tank under the natural photoperiod until the next day.
The sagittae on the day of hatching and one day after hatching were observed, slighly smashing the fish under a cover glass. The longest diameters of the first dark ring in the sagittae of hatched larvae and those of settled juveniles were compared.
Results

Seasonal Pattern of Larval Settlement
Seasonal change in the number of "settlers" and "juveniles" of Halichoeres tenuispinis observed within the transect, covering 100m2, are shown in Fig. 1 . The "settlers" occurred within the same habitat as adults, but usually stayed in schools of various sizes among the thichets of brown algae or in the recesses of rocks, apart from adults. The first occurrence of "settlers" at the transect was noted on July 27. Their number increased suddenly to more than 600 fish/100m2 by August 7, but decreased gradually afterward. Only one individual was observed on September 22 and 24, respectively.
These results show that a large scale settlement takes place within a short period from late July of late August, with a maximum in early August. Otolith Marking A typical sagitta marked with Alizarin complexone with an interval of 3 days is shown in Fig.  2A .
The same sagitta ground on the vertical plane along the long axis until the level of the core is shown in Fig. 2B . As is shown in Fig. 2B with arrows, three light lines are visible between the two lines stained with Alizarin complexone.
Results of otolith marking in the two lots of 10 fishes are summarized in Table 1 . Among 10 fish stained with an interval of 3 days, 9 had three lines between the two stained lines.
In the remaining one, lines were uncountable, due to lack of clarity.
Results were almost the same in 10 fish stained three times with an interval of 1 day, one increment being recognized between each pair of stained lines. These results show that the increments in the sagittae of H. tenuispinis ranging from 15.5-27.0mm TL are formed daily.
Number of Otolith Increments and Growth of "Settlers" and "Juveniles" A photomicrograph of the ground sagitta is shown in Fig. 3 . Thirty eight increments were countable in this specimen under a microscope. Relationship between the number of increments and the total length of 101 fish is shown in Fig. 4 . The individual values fit well to the curve In Y= 0.023X+1.782 with r=0.929 (P<0.001), where Y=TL in mm and X=number of increments. This correlation shows that the body sizes of "settlers" and "juveniles" are strongly correlated with the number of increments in otoliths. The correlation also shows that the growth of newly settling fish is slow just after they have appeared on the reef, but they grow faster after they attain 15mm TL. It takes only 30 days for a "juvenile" of 15mm TL to double its body length In many species of labrids, it has been shown that there are a few wider increments corresponding to the period when the larvae are buried in the sand to metamorphose before they appear on the reef.") This is referred to as a settlement mark and similar disturbances in otolith increments are found in many other reef fishes. 13, [15] [16] [17] In H. tenuispinis specimens, however, wider increments comparable to the settlement mark were not recognized.
On the other hand, a small 
Discussion
Settlement Pattern In the present study, the seasonal patterns of settlement in the temperate wrasse Halichoeres tenuispinis were studied. It showed that intense settlement takes place in early August. Our routine observations show that settlement of H. tenuispinis occurs in each year during this period with a slight annual variation, for example in the middle of August in 1986, and in early August in 1989.*1 Intense settlement within a relatively short period of time can be a norm in H. tenuispinis. Contrary to this, the spawning season last three months from early June to early September. The settlement during less than 3 weeks is also found in a labrid living in the Gulf of Maine.*2 These features are different from the results in Caribbean bluehead wrasse Thalassoma bifasciatum, in which settlement takes place many times over a year in accordance with its long spawning season.5)
Monitoring of "juveniles" as the same area revealed that the number of "juveniles" increased to the same level as that of "settlers", about 10 days after the burst of settlement.
These results suggest that the "juveniles" are originating from the "settlers" appearing in August .
Lack of Settlement Mark
In many H. tenuispinis specimens, settlement marks in otoliths, reported in many other labrids,15) were not recognized.
This may be a reflection that the present species has a different life history pattern when compared with many other labrids. Narrow increments were observed at the 20.4th increment in 27.6%. of the sagittae. This is about 6 days earlier than the age of the youngest "settler" collected in the present study. However, the lack of this band in the otoliths of many other individuals precludes considering this disturbance as a reliable settlement mark.
Estimation of Duration of Planktonic Stage
The facts that increments are formed daily in hatched larvae and in "juveniles" of H. tenuispinis strongly suggest that increments are daily in planktonic stages. However, the settlement mark was not clear, as stated above, in the present species. For this reason, the duration of planktonic stage could not be determined by only counting increments between the center and the settlement mark in otoliths. It is also not known whether "settlers" settle at the same size or not . However, the smallest number of increments of 26 in a "settler" will represents the shortest duration of the planktonic life in the present species.
It has been reported that daily increments of some other fishes are formed with an interval of 24hr 50 min. 24, 25) If this is the case for the present species, the error may be negligible for the estimation of the duration of planktonic stage in H. tenuispinis, because it results in deviation of only 1 day in a 28.8 day period.
Relationship between Estimated Date of Birth and Spawning Season
The spawning season of H. tenuispinis is form early June to early September.
In spite of this, estimated dates of birth of "settlers" and "juveniles" collected in the present study fell between June 7 and July 25. Because no large scale settlement was observed in September and thereafter, further study is needed on the fate of eggs spawned in August and early September.
